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METHOD FOR IMPROVING VITAMIN D
STABILITY IN LIQUID NUTRITIONAL
PRODUCTS

This 1s a Divisional of application Ser. No. 08/061,885
filed May 14, 1993, now U.S. Pat. No. 5,382,439.

TECHNICAL FIELD OF INVENTION

The present invention relates generally to a method of
stabilizing Vitamin D in liquid nutritional products that
contain partfially hydrolyzed proteins, amino acids, or pro-
tein hydrolysates, and more specifically to a method of
stabilizing Vitamin D in such products by the addition of
Vitamin C at a level exceeding 300 mg/l, such that the
Vitamin C concentration is at least 300 mg/l at any time
during the shelf-life of the liquid nutritional product. A
liguid nutnitional product made in accordance with this
method 1s also disclosed.

BACKGROUND ART

The beneficial qualities of Vitamin D are well docu-
mented and accepted. For example, Vitamin D regulates the
calcium level 1n the body and is responsible for depositing

calcium and phosphorous into bone and the blood. Too little
Vitamin D can cause soft bones, muscle weakness, poor

growth, bone fractures, and secondary hyperthyroidism.
Although vitamin supplements in tablet form may be taken,
Vitamin D is easily obtainable from the diet, especially a diet
containing Vitamin D enriched foods.

Yitamin D 1s a fat soluble vitamin produced from ergos-
terol and 7-dehydrocholesterol following exposure to sun-
light. It 1s essential for the prevention of rickets, a disease in
which the matrix of new bone is not mineralized. The most
common biologically active forms of Vitamin D are previ-
tamin D2 and D3, and vitamin D2 and D3. Previtamin D2
and vitamin D2 are produced from ergosterol and are
biologically active in humans, cattle, swine and other mam-
mals, but not in poultry. Previtamin D3 and vitamin D3 are
biologically active and are produced in the skin of many
amimals following irradiation of 7-dehydrocholesterol. The
other 1someric forms of vitamin D show no significant
biological activity.

The structure of vitamin D2 shows a double bond at the
C22 position and a methyl group at the C24 position that
vitamin D3 lacks. For both types of vitamin D, the conver-
sion of the previtamins 1o the active form involves a rupture
of the ring and loss of the true sterol identity. As a result of
the ring rupture 64 different isomers are theoretically pos-
sible. Only a tew of the isomers occur naturally or during the
synthesis of vitamin D.

The isomerization of vitamin D to previtamin D occurs in
solutton. The proportions depend on the temperature of the
system and the time allowed for equilibrium. When vitamin
D 1s prepared by irradiation the products include other
isomeric forms such as tachysterol and lumisterol. These
forms are not biologically active. Light, high temperatures
and 10dine also catalyze the conversion of the biologically
active forms of vitamin D to inactive forms.

One excellent source of Vitamin D is liquid nutritional
products which are fortified with Vitamin D. The term liquid
nutritional product is meant to include any liquid consumed
as part of a diet, which liquid has significant nutritional
qualities. Examples include infant formula, milk, and even
high caloric liquids such as Exceed® and Ensure®, which
are manufactured by the Ross Laboratories Division of
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2
Abbott Laboratories, Columbus, Ohioc U.S.A.

With respect to infant formula, Vitamin D levels in infant
liquid nutritional products are federally regulated in the

U.S.A. by the Infant Formula Act (IFA). Levels above or
below those set forth in the IFA may not legally be offered
for sale. There are basically three types of infant formula;
milk-based, soy-based, and protein hydrolysate-based.
Some infants’ immune systems experience an undesirable
reaction t0 the protein found in milk-based or soy-based
formula. The form of reaction may include one or more of
the following: rash, dermatitis, diarrhea, crying or vomiting.
In a protein hydrolysate-based liquid nutritional product for
infants the nitrogen source is hydrolyzed protein or a free
amino acid. Hydrolyzed protein is protein which has been
broken down into much smaller peptides. Infants who expe-
rience adverse reactions to protein ofien are able to digest
hydrolysate-based liquid nutritional products. As used
herein “protein” is understood to relate to sources of proteins
from plants and from animals.

However, protein hydrolysates have a major problem
when 1t comes to Vitamin D. Vitamin D undergoes signifi-
cant degradation. Until now the precise reason has not been
generally known. However, it has been discovered that the
reasons include: (1) the hydrolyzed protein source, (2) the
method(s) of hydrolysis and (3) the presence of cysteine and
its dimer, cystine (free or combined). Typical sources of
hydrolyzed protein include casein, soy, whey and rice pro-
teins. In fact, research has shown that the more hydrolyzed
the protein, the worse the degradation. Furthermore, with
respect to the presence of cysteine and cystine, it was
discovered that cystine, and cysteine (which oxidizes to
cystine, its dimer) induce Vitamin D degradation, typically
by causing isomerization.

In view of the problems with Vitamin D degradation in
liquid nutritional products having hydrolyzed protein or free
amino acids as a nitrogen source, and by this is meant that
hydrolyzed protein or free amino acids comprise the prin-
cipal nitrogen source of the liquid nutritional product, some
products in the liquid nutritional product industry have been
over fortified with Vitamin D, apparently in an attempt to
meet the label claims for Vitamin D content in the long term.
However, as has been mentioned above, acceptable upper
Iimits of Vitamin D concentration exist, since too much
Vitamin D can cause hypercalcemia, hypercalciuria, urinary
tract stones, extraskeletal calcifications, and malfunction of
the kidneys and other organs.

If the Vitamin D concentration in a packaged liquid
nutritional product exceeds the limits, the product may not
be offered for sale until the Vitamin D concentration,
through degradation, drops to an acceptable level. Similarly,
if the Vitamin D concentration drops below acceptable lower
limits, the product must be removed from sale to the public.
The costs associated with replacing, shipping, and overall
monitoring of the Vitamin D level in liquid nutritional
products subject to significant Vitamin D degradation is
€normous.

It 1s thus apparent that the need exists for a method to
improve the stability of Vitamin D in the presence of protein
hydrolysates, especially liguid nutritional products. Addi-
tionally, it should be understood the references to protein
hydrolysates refer to partially or totally hydrolyzed proteins.

DISCLOSURE OF THE INVENTION

There 1s disclosed herein a method for improving the
stability of Vitamin D in liquid nutritional products, which
nutritional products utilize hydrolyzed protein or free amino
acids as a nitrogen source, with the method comprising the
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addition of Vitamin C such that the initial concentration of
Vitamin C is at least 300 mg/l during the shelf-life of the
liquid nutritional. Preferably the addition of Vitamin C
occurs atter completion of preliminary heat treating the
liquid nutritional product. Alternatively, the addition of
. Vitamin C occurs prior to the preliminary heat treating of the
liquid nutritional product. As used herein “preliminary heat
treating” 1s understood to mean a process comprising one or
more of the following procedures conducted in any sequence
suitable for a particular liquid nutritional product: emulsi-
fication, homogenization, pasteurization, High Temperature
Short Time (HIST) heat treatment, and Ultra High Tem-
perature (UHT) heat treatment, but not including terminal
sterilization or retorting.

The method preferably includes the step of adding cystine
to the liquid nutritional product after completion of the
preliminary heat treating of the liquid nutritional product.
The method also preferably includes the step of adding an
emulsifier to the liquid nutritional product prior to the
preliminary heat treating, with the emulsifier preferably
comprising a diacetyltartaric acid ester of monoglycerides
and diglycenides. The method has the Vitamin C when added
having a fortification concentration exceeding 300 mg/l.
More preferably, the method has the Vitamin C when added
having a fortification concentration in the range of 300—-1000

mg/l for use with nutritional products for adults and
300-750 mg/1 for use with nutritional products for infants.

There 1s also disclosed a method for improving the
stability of Vitamuin D in liquid nutritional products for
infants which utilize hydrolyzed protein or free amino acids
as a nitrogen source, with the method comprising the addi-
tion of Vitamin C such that the concentration of Vitamin C
is at least 300 mg/l at any time during the shelf-life of the
liquid nutritional product for infants. Preferably the addition
of Vitamin C occurs after completion of preliminary heat
treating of the liquid nutritional. “Shelf life” is understood to
mean the length of time, starting on the date that manufac-
ture 1S completed, that a liquid nutritional product is guar-
anteed to meet the nutrient levels claimed on the product’s
label. Alternatively, the addition of Vitamin C occurs prior
to the preliminary heat treating of the liquid nutritional
product.

The method preferably includes the step of adding cystine
to the liquid nutritional product after the completion of
preliminary heat treating of the liquid nutritional product.
The method also preferably includes the step of adding an
emulsifier to the liquid nutritional product prior to the
preliminary heat treating, with the emulsifier preferably
comprising a diacetyltartaric acid ester of monoglycerides
and diglycerides. The method has the Vitamin C when added
having a fortification concentration exceeding 300 mg/l.
More preferably, the method has the Vitamin C when added
having a fortification concentration in the range of 300—-1000

mg/1 for use with adult nutritionals and 300-750 mg/] for use
with infant nutritionals.

There 1s also disclosed a method for improving the
stability of Vitamin D in liquid nutritional products for
infants which utilize hydrolyzed protein or free amino acids

as a nitrogen source, with the method comprising the steps
of:

(a) adding an emulsifier to the liquid nutritional product
prior to the preliminary heat treating;

(b) adding Vitamin C to the liquid nutritional after the
completion of preliminary heat treating of the liquid nutri-
tional product, such that the concentration of Vitamin C is at
least 300 mg/l at any point during the shelf-life of the liquid
nutritional product; and
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(¢) adding cystine to the liquid nutritional after the
completion of preliminary heat treating of the liquid nutri-
tional product.

Preferably the emulsifier comprises a diacetyltartaric acid
ester of monoglycerides and diglycerides. The method has
the Vitamin C when added having a fortification concentra-
tion exceeding 300 mg/l. More preferably, the method has
the Vitamin C when added having a fortification concentra-
tion in the range of 3001000 mg/l for nutritional products
for adults and 300-750 mg/l for nutritional products for
infants. Preferably the Vitamin C is added after the comple-
tion of preliminary heat treating of the liquid nutritional
product although it can be added before beginning prelimi-
nary heat treating.

The present invention provides a method for improving
the stability of Vitamin D liquid nutritional products having
hydrolyzed protein or free amino acids as their primary
nitrogen source. The method is extremely easy to practice
and very reliable.

Another object of the present invention is to provide a
method for improving the stability of Vitamin D concentra-
tion in liquid nutritional products having hydrolyzed protein
or free amino acids as their primary nitrogen source, which
method 1s compatible with present preliminary heat treating
and sterilization methods of such liquid nutritional products.

Other objects and advantages of the invention will be
apparent from the following description and the appended
claims.

The degradation mechanism is set forth in detail below.
This research has discovered that the Vitamin D degradation
mechanism 1s a protein mediated free radical mechanism
involving the reversible reaction of Vitamin D with a thiyl
radical to form beta-thioalkyl free radical intermediates. The
thiyl radical 1s produced by various reactions from the thiol
moieties, including free cysteine, cysteine-containing pep-
tides, and other thiols. The cysteine and cysteine-containing
peptides result from the enzymatic reactions employed to
create a protein hydrolysate, as well as through the thermal
dissociation/chemical reduction of cystine. Cystine may
exist as a free amino acid or as a result of oxidation of
cysteine. Cystine 18 a dipeptide which contains a disulfide
bond. A low energy of activation is required to split it into
two very reactive thiol radicals.

There are several ways that a thiyl radical can be formed
from a thiol. The first is that an initiator can undergo
homolytic cleavage to yield a free radical which will then
abstract a hydrogen atom from an organic molecule to yield
another organic free radical. A second approach is direct
metal catalyzed generation of a {ree radical from a molecule.
Another approach utilizes a metal catalyzed formation of
free radicals from an organic molecule via an organic
hydroperoxide. Generation of an organic free radical by
direct auto-oxidation of an organic molecule is a fourth
method of thiyl radical formation. Once a free radical is
generated, it can react with cystine or cysteine by displace-
ment to yield a cysteinyl free radical, which is a thiyl radical.
A fifth way that formation of a thiyl radical can be initiated

is by the auto-oxidation of cysteine to create a cysteinyl free
radical.

An extremely important propagation reaction is the reac-
tion between the cysteinyl free radical and Vitamin D. The
cysteinyl free radical is a poor abstractor of hydrogen which
prolongs its lifetime. The lower heteroatom-H bond disso-
ciation energies allow for an enhanced rate of formation of
the thiyl radical. The thiyl radical undergoes a reversible
reaction with unsaturated organic compounds, such as Vita-
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min D. A beta-thioalkyl radical is formed by addition of the
thiyl radical and Vitamin D with a resultant loss of cis-trans
configuration. The reaction is enhanced by the tendency of
vitamin D to undergo a 1,7-sigmatropic shift. The new free
radical 18 a poor hydrogen abstracter, which usually resuits
in decomposition of the free radical to the original thiy]
radical, and Vitamin D or an isomer of Vitamin D. The thiyl
radical is then free to attack other compounds, inciuding
Vitamin D.

The degradation of Vitamin D involves a primary thiyl
radical induced isomerization of Vitamin D. The hydrogen
atoms attached to carbon 6 and carbon 7 of Vitamin D are
particularly susceptible to abstraction by the thiyl radical
due to their attachment at the center (alpha) of the conju-
gated bonds. Isomerization would occur readily in any
similar system. Hydrogen atoms could be abstracted from
systems which are not conjugated, but in which hydrogen
atoms are in bisallylic positions, adjacent (beta) to the two
double bonds. This situation occurs in some fatty acids.

Vitamin D must be totally separated from cyst(e)ine to
eliminate cyst(e) ine induced Vitamin D degradation. How-
ever, this is not readily achieved in a liquid system. Vitamin
D degradation occurs primarily by a reversible free-radical
mechanism involving cysteine as thiyl radical precursor
which 1s responsible for the isomerization of Vitamin D to
inactive isomers. The lower strain energy of the 5,6-trans
isomer of Vitamin D and of tachysterol results in the
eventual preponderance of the inactive isomers over the
fully active 5,6-cis 1somer. The free radical auto-oxidation
processes participate as initiators and propagators which
results in the oxidation of Vitamin D and its isomers. Stearic
hinderance at Vitamin D or a thiol reduce the reaction rate.
Large thiols, such as glutathione vield lower Vitamin D
degradation rates than smaller thiols, such as cysteine.
Vitamin D degradation rates are also slower for Vitamin D
palmitate than for Vitamin D acetate, but Vitamin D degra-

dation rates are similar for Vitamin D acetate and Vitamin D
(alcohol).

EXPERIMENT-METHOD FOR DETERMINING
AMOUNT OF VITAMIN D IN SOLUTION

In order to determine whether the method of the invention
affected Vitamin D degradation, it was necessary to deter-
mine the concentration of Vitamin D in solution. The method
used to determine the amount of Vitamin D in solution was
a modification of the method published by Sertl and Molitor,
Journal of the Association of Official Analytical Chemists,
Volume 6§, Number 2, 177-182 (1985). The method con-
s1sts of saponifying the sample, extracting the saponified
sample, subjecting the extract to preliminary liquid chroma-
tography, clean-up, and subjecting the cleaned-up extract to
quantitative liquid chromatography.

In a 250 ml flask, add 30 g of product, 1.5 g ascorbic acid
(reagent grade), 30 ml reagent alcohol (5% 2-propanol, 95%
specially denatured alcohol Formula 3A, reagent grade), and
35 mi of 45% potassium hydroxide (reagent grade). The
flask 1s then flushed with nitrogen and saponified, with
continued stirring, for 16 to 20 hours at room temperature.
The resultant solution is transferred to a 500 ml separatory
funnel, and 130 ml ethyl ether (anhydrous, 98% min.,
reagent grade or better) is added to the solution. The solution
18 shaken vigorously for 30 seconds. 130 ml of petroleum
ether (35°-60° C., reagent grade or better) is added and the
solution is again shaken vigorously for 30 seconds. The
layers should be allowed to separate and then the lower,
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aqueous layer 15 transferred to a second separatory funnel.
The aqueous layer is extracted a second time, as above, with
130 mi of ethyl ether and then 130 ml of petroleum ether.
The layers are allowed to separate and the agueous layer is
discarded. Each organic layer is washed three times with 50
mi water and 5 ml reagent alcohol. To prevent the formation
of an emulsion, washing should be performed only by gentle
swirling. The washed organic layers are then transferred to
a flask and the ethers are evaporated using a rotary evapo-
rator and a water bath at 50° C. Final traces of water can be
removed by adding 50 ml acetone and evaporating to
dryness, as above. The residue solution is then transferred to
a centrifuge tube with ether and evaporated to dryness with

nitrogen using a water bath at 40° C. The sample should be
reconstituted with 2.0 or 4.0 mi of isooctane.

The liquid chromatography cleanup step should be done
immediately thereafter. The cleanup system should consist
of a constant fiow pump capable of liquid chromatography
operating at up to 5 ml/min (Altex 110A). The cleanup
system should also preferably include a 30x4.6 mm guard
column packed with Spheri-5 Cyano (5-micron particlesite,
Brownlee Labs Cat #C5-GU) packing followed by a 250x%
4.6 mm Chromegabond Cyano, 3-micron particle size, 60
angstrom pore size (ES Industries) cleanup column. The
flow rate for all columns should be 1.0 ml/min. The transfer
of Vitamin D-containing portion of the cleanup eluent to the
analytical column of the quantitative liquid chromatography
system should preferably be automated using a 6-port col-
umn-switching valve. The continuous flow of the mobile
phase through both columns can be achieved by using two
high phase hiquid chromatography (HPLC) pumps in con-
junction with the 6-port column switching valve. The ultra-
violet detector should have a sensitivity of about 0.05 AUFS
at a detetion wavelength of 254 or 265 nm, and a short-term
noise level of 1% (Varian 2550). The cleanup system should
also have a fixed-loop valve injector (Beckman 210) with a
loop volume of 250 microliters. There should also be a 10
mYV stnip chart recorder. The cleanup mobile phase should be
0.5% amyl alcohol (99% n-pentanol minimum, preferably,
Mallinkrodt No. 2996) plus 0.1% methanol in isooctane. The
solution should be mixed well before use. This solution, if
tightly capped, may be stored up to 2 months. The compo-
sition (% amyl alcohol) may be varied slightly to achieve the
required refention time for Vitamin D.

Vitamin D standards must be made for the liquid chro-
matography cleanup of the extract. To make the Vitamin D
standards, 24 mg of Vitamin D (D2 or D3) is accurately
weighed into a 500 ml volumetric flask. The Vitamin D is
dissolved and diluted to volume with isooctane. This is the
stock standard. Next 7.00 ml of the stock standard is diluted
to volume with 1sooctane in a 500 m! volumetric flask. This
1S the intermediate standard. Then, 5.00, 10.00, 15.00 and
30.00 ml of the intermediate standard are pipitted into
individual 100 ml volumetric flasks and diluted to volume
with 1ssoctane. The solutions are mixed well. These are the
working standards at about 1.3, 2.6, 4.0, and 8.0 IU/ml,
respectively. Fresh standards should be weighed and pre-
pared every 7 days. The flasks should be wrapped in
aluminum foil and stored in a refrigerator at 4° C. (If the
standards are kept in a refrigerator, the stock, intermediate,
and working standards are stable for 7 days. If the working
standards are left at room temperature for more than 4 hours,
they should be prepared fresh daily from their refrigerated
intermediate standards.)

The next step of the liquid chromatography cleanup of the
extract 1S to use an intermediate standard to obtain a repro-
ducible (*15 seconds) retention time for the Vitamin D peak.
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The retention time should be about 15 minutes. Based on the
Vitamin D peak, efficiency (N Y2) of the guard and cleanup
columns together should be greater than or equal to 9000
theoretical plates.

In the next step of the hiquid chromatography cleanup,
sample (or standard) solution 1s withdrawn from the tube
using a clean, dry, 1 ml glass syringe. The syringe is inverted
and the air bubble is pushed out of the syringe. If the solution
appears cloudy or has precipitate, the solution is centrifuged
or filtered using a disposable filter before filling the injection
loop with the solution. The sample is injected at a volume of
250 microliters, and the timing device started to indicate
when to begin collecting the Vitamin D fraction. The syringe
1s rinsed with acetone and dried thoroughly before the next
sample injection.

From the chromatogram of the intermediate standard, it
should be determined when the Vitamin D peak begins to
reach the detector. Fraction collection should begin 10
seconds before this point and continue for 60 seconds. The

Vitamin D fraction should preferably be switched to the
analytical HPLC system.

The analytical HPLC system should also include a dual
piston, constant flow liquid chromatography pump (Altex
100A). The analytical column should be 4.6x250 mm
Hypersil APS 1l silica with a 3-micron particle size and 60
mm Angstrom pore size (Keystone). The transfer of the
Vitamin D-containing portion of the cleanup column eluent
to the analytical column should preferably be automated
using a 6-port column-switching valve. To achieve continu-
ous flow of mobile phase through both of the column, two
HPLC pumps are used in conjunction with the 6-port
column switching valve. The ultraviolet liquid chromatog-
raphy detector should have a sensitivity of about 0.003
AUEFS, at 254 nm or 265 nm, and short term noise level of
less than or equal to 1% (Varian 2500). The valve injector
(Perkin Elmer ISS-100) should be capable of injecting 250
ml. There should also be a 250 mm strip chart recorder.

The system should be equilibrated with mobile phase
(0.5% amyl alcohol +-0.1% methanol in isooctane) at 1
ml/min until a stable baseline is obtained (short term noise
should be less than or equal to 1%). The 2.6 TU/ml standard
should be injected until replicate peak heights agree to
within 2%. The injection volume and/or the detector attenu-
ation should be adjusted until the standard (I) peak height is
50 to 80% full scale. The Vitamin D retention time should
be about 32 minutes including retention on the cleanup
system.

To calculate the Vitamin D concentration (IU/1) for each
of the working standards the following equation is used: .

CxVx1.032x1000

Vitamin D(IU/1) = 0018

where: C=Vitamin D concentration (IU/ml) for sample
preparation calculated from the final standard curves; V=the
final dilution volume of the extract (2.0-4.0/ ml); 1.032=the
product density; 1000—the conversion factor for liters to
milliliters; S=the sample size in grams; and 0.918=the
Vitamin D to pre-vitamin D ratio (based on thermodynamic/
kinetic data, which data was experimentally confirmed).

A system to model the behavior of Vitamin D that allowed
experiments to be concluded more rapidly due to increased
temperatures and allowed more rapid Vitamin D determi-
nations was also developed. The aqueous ethanol model
system generally employed 10 ml of ethanol containing
Vitamin D or a related compound and 10 ml of aqueous
solution or dispersion of another component. This solution
was then heated under a nitrogen atmosphere at 60° C. and
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evaluated for Vitamin D degradation over a period of 7 days.
Vitamin D determinations were performed by direct injec-
tion of an aliquot reconstituted in isooctane following
evaporation under nitrogen at 50° C. For reverse phase
HPLC systems, Vitamin D determinations were performed
by direct injection of an aliquot or dilution of an aliquot.
This was the system that confirmed the degradation of
Vitamin D by extensively hydrolyzed proteins and, specifi-
cally, by cystine and/or cysteine (cyst{e)ine).

The emulsion model system was developed in order to
better mimic the physical and chemical conditions in a liquid
nutritional product. In this system, a solution (in water or
vegetable oil) of one or more components (including Vita-
min D or a Vitamin D related compound) are bench-
homogenized into a Vitamin D-free or protein hydrolysate-
free base product. This emulsion was then heated under a
nitrogen atmosphere at 50°-70° C. and evaluated for Viia-
min D or Vitamin D-like degradation over a period of 7 days.
Vitamin D determinations were performed by the same
method as that described above.

To study the effects of different substances and amounts
of substances on the stability of Vitamin D, an elevated
temperature study was run as well as a room temperature
study. In room temperature studies, accurate estimates of
Vitamin D degradation rates often require 4 to 6 months
under conditions of 72° E (22° C.). In order to facilitate
more rapid results, products can be evaluated for Vitamin D
degradation at elevated temperatures 130° E (55° C.). At
elevated temperatures, the rate of Vitamin D degradation is
approximately 30 times faster than that at room temperature.
This allows accurate estimates of Vitamin D degradation
rates 1n 3 to 4 weeks instead of 4 to 6 months. Furthermore,
room-temperature and elevated temperature evaluations of
Vitamin D degradation in liquid nutritional products allows
correlations to be established with the aqueous ethanol
model system and the-emulsion model system. The above
discussed method for determining the amount of Vitamin D
in solution was then used to determine if the isomerization
and degradation of Vitamin D to biologically inactive forms
was dependent on the existence of polypeptide chains or if
it were possible to generate similar data using a mixture of
free amino acids. An initial homogeneous mixture of histi-
dine, tyrosine, isoleucine, glutamine, methionine, tryp-
tophan, valine, arginine, lysine, glutamic acid, aspartic acid,
glycine, cystine, alanine, leucine, threonine, phenylalanine,
and serine was made. Vitamin D3 was added. Following
incubation, this mixture resulted in a loss of Vitamin D. The
results are set forth in Table 1. As can be seen, the percent
recovery, relative to control, was less than 31%. Once it was
determined that free amino acids were capable of causing
Vitamin D loss through isomerization, the next step was to
pinpoint the amino acid responsible for the loss.

The 1nitial mixture was divided into four samples. Sample
#1 contained histidine, tyrosine, isoleucine, proline, and
methionine. Sample #2 contained the amino acids in Sample
#1 plus tryptophan, valine, arginine, and lysine. Sample #3
contained glutamic acid, aspartic acid, cystine, and glycine.
Sample #4 contained glutamine, alanine, leucine, threonine,
phenylalanine and serine. As can be seen in Table 1, Samples
#1, #2, and #4 did not experience significant loss in Vitamin
D. However, Sample #3 yielded substantial loss in Vitamin
D compared to those observed with the initial mixture.
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TABLE 1

Relative Recovery of Vitamin D

Amino Acid Control D3 Sample D3 % D3
Mixture Recovery (IU/) Recovery (I1U/) Recovery
Original 3490 1067 31
Sample #1 3490 3211 02
Sample #2 3490 3289 94
Sample #3 3447 1224 37
Sample #4 3447 3364 98

A fifteen amino acid mixture containing histiden, tyrosine,
isoleucine, proline, methionine, tryptophan, valine, arginine,
lysine, glutamine, alanine, leucine, threonine, phenylala-
nine, and serine was evaluated as above. The resulis are
shown in Table 2, with the fifteen amino acid mixture being
Sample #5. Put another way, Sample #5 contains the amino
acids ol Samples #2 and #4. The recovery of Vitamin D3,
relative to the control, was over 95%. Thus a combination of
up to 15 free amino acids was shown to yield virtually no
Yitamin D loss.

An eighteen amino acid mixture was then evaluated. It
contained histidine, tyrosine, isoleucine, glutamine,
methionine, tryptophan, valine, arginine, lysine, glutamic
acid, aspartic acid, glycine, proline, alanine, phenylalanine,
leucine, threonine and serine. The results are shown in Table
2, with two evaluations having been made of this mixture,
Sample #6. The recovery of Vitamin D3, relative to the
control, was over 95%. Finally, a mixture of histidine,
tyrosine, isoleucine, proline, methionine, glutamic acid,
aspartic acid, glycine, and cystine was evaluated. The results
are set forth as Sample #7. Put another way, Sample #7
contains the amino acids of Samples #1 and #3. However,
while the respective Vitamin D recoveries for Samples #1
and #3 were greater than 95% and between 30-40%, respec-

tively, mixing the two provided Vitamin D yields of less than
17%.

TABLE 2
_Relative Recovery of Vitamin D

Amino Acid Control D3 Sample D3 % D3
Mixture Recovery (1U/1) Recovery (IUN) Recovery
Sample 5 3302 3264 99
Sample 6 3302 3340 101
Sample 6 3385 3234 96
Sample 7 3302 543.16 16

Thus, the results of this study indicated a need for cystine
in initiating the degradation process of Vitamin D. Amino
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The involvement of cystine presents another problem.
Well known preservatives such as BHT and BHA work well
to inhibit free radical reactions of oxygen containing com-
pounds; however they are ineffective in slowing Vitamin D
degradation rates becausc they are unable to effectively
donate a hydrogen atom to a thiyl free radical where the odd
electron resides on or near the sulfur of the sulfur based
radical. Additionally, most conventional anti-oxidants are oil
soluble compounds which are undesirable in this instance,
since the major source of thiyl radicais 1s the aqueous phase.
Hence, a water soluble compound would be preferable.

Under the Infant Formula Act in the U.S.A. there are

certain maximum and minimum levels associated with the
concentration of Vitamin D. For example, the upper limit for
a 20 calonies/fl. oz. product is 676 IU/1, or 100 IU/100
calories. Due to degradation, the liquid nutritional product is
typically fortified at a higher level prior to the preliminary
heat treating of the product. The pre-process Vitamin D
fortification level of one commercially available infant for-
muia 1s in excess of that upper limit, however by zero-time
(the time when the container is ready for shelf-life) the
Vitamin D concentration has dropped below that limit. Over
a prolonged period of time the Vitamin D concentration can
decrease to below the acceptable minimum. According to
the Infant Formula Act in the U.S.A., the acceptable mini-
mum level of Vitamin D 1s 40 IU/100 calonies or 270 IU/1 for
an infant formula containing 20 calories/fl. oz. Practically
speaking the product, if still on the shelf, must then be
recalled or exchanged due to its no longer satisfying the
requirements of the Infant Formula Act. The present inven-
tion may be employed in liquid nutritional products other
than infant formula for which the acceptable minimum and
maximum concentrations of Vitamin D may of course vary.

Although Vitamin C has been added to infant formula
comprising a hydrolyzed protein source, the fortification
level has typically been in the 200-300 mg/i range, such that
the zero time concentration is 100-160 mg/l. Based on the
above discoveries, it was discovered that increasing the
fortification concentration to 500-750 mg/l resulted in a zero
time Vitamin C concentration of 375475 mg/l which sig-
nificantly decreased the degradation rate of Vitamin D.
Correspondingly, the product shelf-life dramatically
increased. These results were based on storage of packaged
product at room temperature, as well as at elevated tem-
peratures of about 55° C. which permitted conclusions to be
reached in weeks instead of months.

Table 3 shows the degradation rate of Vitamin D in
hydrolyzed product with a typical Vitamin C fortification
rate of 230 mg/l versus similar hydrolyzed product with
preservatives that work well to inhibit free radical reactions
of oxygen containing compounds. These preservatives were
added at concentrations not normally associated with pro-
oxidant activity.

TABLE 3

Degradation of Vitamin D mn IU/]

at a Temperature of 22° C.; Time in months

TIME 0O
Control Formula 556
Formula W/BHA 655
Formula W/BHA 598

acid mixtures which did not contain cystine did not yield
significant losses of Vitamin D as did mixtures which
contained cystine.

PROJECTED MONTHS
NEEDED FOR VITAMIN
D TO GO FROM 600

MONTH3 MONTHG6 MONTH 10 IU/ to 300 TU/
356 465 358 12.7
373 456 322 8.6
501 380 294 9.8

65

Table 4 shows the degradation rate of Vitamin D in
hydrolyzed product, compared with formula having
increased amounts of Vitamin C added. Also, product was
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tested comprising a physical barrier, for example a series of
single- or multiple- layers of molecules which would retard
migration of the radicals. An example of such a physical
barner would be the emulsifier PANODAN®, the diacetyl
tartaric acid esters of mono- and diglycerides. PANODAN®
1s distributed by Grinstead of Danisco, Denmark.

TABLE 4

5
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cystine also minimizes the effect of its auto-oxidative prop-
erties, thereby reducing the rate of Vitamin D degradation.

Degradation of Vitamin D in IU/1

at a Room Temperature 22° C.; Time in Months

PROJECTED MONTHS

NEEDED FOR VITAMIN D

TO GO FROM 600 IU/

TIMEO MONTH3 MONTH6 MONTH 12 IUA to 300 IUA
Control 635 610 566 446 18.2
Formula
Formula with 583 552 540 445 28.3
Vitamin C
Formula with 629 605 529 495 27.8
PANODAN ®
Formula with 623 582 572 524 38.2
Vitamin C/and
PANODAN ®

It was observed that a physical barrier such as PAN-
ODAN® enhanced the effect of Vitamin C on Vitamin D
degradation. Without Vitamin C and PANODAN®, the
Vitamin D experienced the normal rate of free radical attack.
With PANODAN® alone, and even in the presence of low
concentrations of Vitamin C, the rate of free radical attack
still remained the same. When there was no PANODAN®
added to the product, but high concentrations of Vitamin C
was added, the rate of free radical attack was low. Finally,
when the concentration of Vitamin C was high and PAN-

ODAN® was added, the rate of free radical attack was its
lowest. The amount of PANODAN® added should corre-
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Tables 5, 6 and 7 compare Vitamin D degradation in a
protein hydrolysate-based nutritional product control and in
a nutritional product comprising cystine, Vitamin C and
PANODANR®. In these tables the term “early” means the
ingredient(s) was added prior to the beginning of prelimi-
nary heat treating and the term “late” means the ingredi-
ent(s) was added after the completion of preliminary heat

treating.

TABLE 35

Degradation of Vitamin D in IU/I
at a Temperature of 55° C,; Time in weeks

PROJECTED WEEKS NEEDED
FOR VITAMIN D TO GO
FROM 600 IU/1 to 300

TIMEO WEEK?2 WEEK4 TU/1
Control, 230 mg/] 547 194 69 1.3
Vitamin C late
PANODAN ®, 556 311 119 2.0
Cystine late, 600 mg/]
Vitamin C late
PANODAN @®, 377 317 173 2.4

Cystine late, 75 mg/l
Vitamin C late

spond to between 3—6%, by weight, of the fat content of the
nutritional, which fat content is typically in the range of
3-3.5%, by weight.

It was further discovered that improved results could be 60

obtained by adding cystine to the formulation of the liquid
nutritional product after the completion of preliminary heat
treating. This permits the fat soluble Vitamin D to become
effectively “trapped” in the fat of the emulsion, thereby
reducing the chance of attack by a free radical, especially
where PANODAN® is also present. The late addition of

65

Table 5 shows a control with a Vitamin C fortification
level of 230 mg/l and an initial Vitamin D concentration of
347 U/, such that shelf-life of the product with respect to
Vitamin D was 1.3 weeks. The control’s zero time Vitamin
C concentration was 104 mg/l. Meanwhile, when PAN-
ODAN® 1s employed as an emulsifier and cystine is added
late, and the fortification levels of Vitamin C are 600 mg/l
and 750 mg/] respectively, the zero time Vitamin C concen-
trations are 387 mg/l and 580 mg/l respectively, and the
shelf-life of Vitamin D improves to 2.0 and 2.4 weeks
respectively.
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TABLE 6
Degradation of Vitamin D in IU/
at a Temperature of 22° C.; Time in months
PROJECTED MONTHS
NEEDED FOR VITAMIN
D TO GO FROM 600
TIMEO MONTH3 MONTH6 MONTH 12 IU/1 1o 300 TUAN
Control, 130 mg/l 533 428 331 219 11.7
Vitamun C
PANODAN ®, 605 584 545 466 27.3
500 mg/l Vitamin C early,
Cystine late
PANODAN ®, 679 661 622 569 37.0

7350 mg/l Vitamin C early,
Cystine late

Table 6 shows a control with a typical Vitamin C fortifi-
cation level of 230 mg/l and a zero-time Vitamin C level of

130 mg/1 and an initial Vitamin D concentration of 533 TUA1 2

such that the shelf life of the product with respect to Vitamin
D was 11.7 months. The suggested beneficial effects of using
PANODAN® with the late addition of cystine and the
addition of increased levels of Vitamin C shown in the

IU/1, the Vitamin D level at zero time is around 650 IU/I,
which 1s an acceptable value under the Infant Formula Act
and results in increased shelf life for the liquid nutritional.

While the method herein described constitutes a preferred
embodiment of this invention, it is to be understood that the

invention 1s not limited to this precise form of the method
and that changes may be made therein without departing

elevated temperature environment of Table 5 was confirmed “  from the scope of the ivention, which is defined in the
1n this and the following Table 7. Table 6 shows that as the appended claims.
fortification concentration of Vitamin C was increased from We claim:
500 to 750 mg/l, the Vitamin C concentrations at zero time 1. A method for improving the stability of Vitamin D in a
were 284 and 4359 mg/l respectively. However, the shelf-life 20 liquid nutritional product which contains hydrolyzed protein
of the product with respect to Vitamin D degradation or free amino acids as a nitrogen source, the method
increased dramatically from 27.3 to 37.0 months. comprising the steps of;
TABLE 7
Degradation of Vitamin D in [U/]
at a Temperature of 22° C.; Time in months
PROJECTED
MONTHS
NEEDED FOR
VITAMIN D TO
GO FROM 600
U/ TO
TIMEO MONTH3 MONTHS 3001U/1
Control, 230 mg/l 547 478 398 14.2
Vitamun C late,
PANODAN ®, 5717 562 488 24.2
750 mg/l Vitamin C late,
Cystine late
PANODAN ®, 562 465 422 11.7
750 mg/l Vitamin C late,
Cystine early,
Table 7 shows that the addition of cystine late in the (a) providing a liquid nutritional product containing Vita-
preliminary heat treating produces a greater reduction in min D;
Vitamin D degradation. 55 (b) preliminary heat treating the liquid nutritional product;
Therefore, 1n general the addition of increased levels of (c) adding Vitamin C before or after preliminary heat
Vitamin C in hquid nutritional products of the type contain- treating such that the concentration of Vitamin C is at
ing hydrolyzed protein prior to the preliminary heat treating least 300 mg/l duning the shelf life of the liquid
results in lower degradation of Vitamin D during prelimi- nutnt_mnal pr_oduct; and. | -
nary heat treating. Additional Vitamin C can be added at the 60  (d) adding cystine to the liquid nutritional product after
end of preliminary heat treating to further retard the degra- the completion of preliminary heat treating the liquid
dation of Vitamin D during the sheif-life of the product. nutritional product. : :
However, in liquid nutritional products for infants there are 2 The method according to claim 1 which further com-
b ’ qt 1 with h P dd Vitamin C both prises the step of adding an emulsifier to the liquid nutri-
problems associaled wiih having 10 add Vitamin ot tional product prior to preliminary heat treating the liquid
before and after preliminary heat treating. By adding Vita- 65 nytritional product, the emulsifier comprising a diacetyltar-

min C after the completion of preliminary heat treating, and
by keeping the Vitamin D fortification level at around 750

taric acid ester of monoglycerides and diglycerides.
3. A method for improving the stability of Vitamin D in a
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hquid nutritional product for infants which contains hydro-
lyzed protein or free amino acids as a nitrogen source, the
method comprising the steps of:
(a) providing a liquid nutritional product containing Vita-
min D and a nitrogen source selected from the group
consisting of hydrolyzed proteins and free amino acids;

(b) preliminary heat treating the liquid nutritional product;

(c) adding Vitamin C before or after preliminary heat
treating such that the concentration of Vitamin C is at

least 300 mg/l during the shelf life of the liquid
nutritional product; and

10

16
(d) adding cystine to the liquid nutritional product after
the completion of preliminary heat treating the liquid
nutritional product.

4. The method according to claim 3 which further com-
prises the step of adding an emulsifier to the liquid nutri-
tional product prior to preliminary heat treating the liquid
nutritional product, the emulsifier comprising a diacetyltar-
taric acid ester of monoglycerides and diglycerides.

% Kk k% ¥ kK
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